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Abstract
The antennal sensilla are sensory organs formed by a group of neurons and accessory cells, which allow perception of 
environmental cues, which play a role as mechanoreceptors and chemoreceptors. This study describes the post‑embryonic 
development of the antennal sensilla of the stingless Tetragonisca angustula (Hymenoptera: Meliponini) workers. 
The development of the antennal sensilla begins in the transition stage of the pre-pupae to white-eyed pupae. The sensilla 
are completely developed at the black-eyed pupae stage, but they are covered by the old cuticle. The sensilla are exposed 
to the environment only in newly emerged workers of T. angustula, but it is possible that environmental stimuli can 
be recognized due to the pores in the old cuticle.
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Desenvolvimento das sensilas antenais de Tetragonisca angustula latreille, 
1811 (Hymenoptera: Meliponini) durante a pupação

Resumo
As sensilas antenais são órgãos sensoriais formados por um conjunto de neurônios que captam estímulos ambientais 
e células acessórias, desempenhando as funções de mecanorreceptores e quimiorrecepterores. Este trabalho descreve 
o desenvolvimento pós-embrionário das sensilas antenais de operárias das abelhas sem ferrão Tetragonisca angustula 
(Hymenoptera: Meliponini). O desenvolvimento das sensilas tem início na transição de pré-pupa para pupa de olho 
branco e estão completamente desenvolvidas no estágio de pupa de olho preto, mas ainda estão cobertas pela cutícula 
velha. As sensilas estão completamente expostas em operárias recém-emergidas de T. angustula, mas é possível que 
estímulos ambientais sejam percebidos em estágios anteriores devido aos poros presentes na cutícula velha.

Palavras-chave: sensila placoide, sensila tricoide, abelha sem ferrão, desenvolvimento pupal.

1. Introduction

Bees have different levels of sociability from solitary 
to highly eusocial, with a complex integration in the colony 
of behavioral patterns and physiological adaptations 
(Michener, 1974).

Tetragonisca angustula Latreille, 1811 (Hymenoptera: 
Meliponini) and other highly eusocial stingless bees display 
a complex behavior, depending upon the communication 
among individuals of the colony. Chemical communication 
is important for the maintenance of the insect society, and 
products of exocrine glands play a central role in this 
communication (Monnin, 2006). These secretions function 
as volatile and non-volatile pheromones (Engels et  al., 
1993; Katzav-Gozansky et al., 2001; Monnin, 2006).

Pheromones are recognized by sensory organs that are 
commonly present in the insect antennae. The antennae 
are important sensory appendages of insects with a large 
concentration of sensilla, which play a role in perceiving 
the environmental stimuli (Chapman, 2013).

The sensilla of insects are usually formed by an 
oligocellular complex with one or more bipolar sensitive 
neurons associated with accessory thecogen, trichogen, and 
tormogen cells (Schneider, 1964; Keil, 1997; Euzebio et al., 
2013). The thecogen cell envelops the neuron as a sheath 
for structural and metabolic support. The trichogen cell 
partially covers the dendrite and is responsible for the 
production of the sensitive cuticular hair. The basal region 
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of the cuticular hair has an elastic protein that is released 
by the tormogen cell (Schneider, 1964; Keil, 1997).

The sensilla have different morphology. In bees, 
they are classified into trichoid, basiconic, coeloconic, 
campaniform, placoid, and ampullaceum types (Schneider, 
1964; Fialho et al., 2014; Chapman, 2013; Ravaiano et al., 
2014).

The development of the antennae in bees, likely in 
holometabolous insects, occurs by differentiation of imaginal 
discs during larvae and pupae development (Snodgrass, 
1956). In general, the antennal sensilla develop in the 
pupal stage (Eichmuller and Schäfer, 1995; Schmidt and 
Kuhbandner, 1983) when a single precursor cell arises 
in the epidermal surface and differentiates into neurons 
and accessory cells, followed by the formation of sensory 
cuticle structures (Keil, 1997; Ray and Rodrigues, 1995; 
Azevedo et al., 2008).

Although several studies about the different types of 
antennal sensilla in bees (Dietz and Humphreys, 1971; 
Moraes and Cruz-Landim, 1972; Stort and Moraes‑Alves, 
1999; Al-Ghamdi, 2006), histological analysis of the 
development of these sensilla in stingless bees was 
performed only in Melipona quadrifasciata anthidioides 
(Azevedo  et  al., 2008). Therefore, the analysis of the 
development of the antennal sensilla in other species 
of bees is important to confirm previous data and find 
new information that contributes to the understanding 
of these sensory organs. The present study describes the 
post-embryonic development of the antennal sensilla in 
the stingless bee Tetragonisca angustula.

2. Material and Methods

Workers of T. angustula were obtained from colony 
maintained in Rio Paranaíba, Minas Gerais State, Brazil. 
Brood combs were transferred to laboratory, and the pupal 

developmental stages of the bees were determined according 
to the compound eye colors into white-, pink-, brown-, 
and black-eyed pupae. Newly emerged adult workers were 
collected when emerging from the brood cells.

2.1. Scanning electron microscopy
The insects were cryoanesthetized and their antennae 

were removed and transferred into Zamboni’s fixative 
solution (Stefanini et al., 1967), dehydrated in a graded 
ethanol series, transferred to hexamethyldisilazane 
(HMDS) for 10 min and air-dried (Nation, 1983). Then, the 
antennae were gold-covered (20-nm thick) and analyzed 
under a scanning electron microscope (LEO VP1430) 
in the Nucleus of Microscopy and Microanalysis at the 
Universidade Federal de Viçosa.

2.2. Light microscopy
The antennae of T. angustula pupae and adults were 

dissected and transferred into Zamboni’s fixative solution 
for 4 h. The samples were dehydrated in a graded ethanol 
series and embedded in historesin (Leica). Sections of 3-μm 
thickness were stained with toluidine blue and examined 
under light microscope.

3. Results

The antennae of T. angustula pupae workers were 
covered with a larval residual cuticle until the black-eyed 
stage (Figure 1A). This residual larva cuticle contained 
some pores (Figure  1B). Trichoid and placoid sensilla 
were observed in the antennal scapus from the brown-eyed 
pupae, but best viewed in black-eyed pupae (Figure 1C).

The sensilla of newly emerged workers were completely 
exposed to the environment, showing the presence of 
trichoid, placoid and campaniform types (Figure 1D).

Figure 1. Scanning electron micrographs of the antennae of Tetragonisca angustula (Hymenoptera: Meliponini) worker 
at different pupa stages. (A) Antennae of white-eyed pupae covered with residual larval cuticle. Bar: 200 μm. (B) Pores 
(arrows) in the residual larval cuticle. Bar: 15 μm. (C) Antenna of black-eyed pupae partially covered by a cuticle with 
trichoid sensilla in the antennomers. Bar: 50 μm. (D) Antenna of newly emerged adult showing sensilla trichoid, placoid and 
campaniform Bar: 7 μm. Ct: cuticle; t: trichodea sensilla; ca: campaniform sensilla; pl: placoid sensilla.

http://www.sciencedirect.com/science/article/pii/002073228390034X
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The histological analysis of the antennae of white‑eye 
pupae showed the antennal surface without sensilla 
(Figure 2A-B). In this pupal stage, the antennomers were 
not individualized, but some had small constrictions, 
indicating that the antennal segmentation was initiated at 
this stage (Figure 2A). The neurons had dendrites targeted 
to the antennal surface and the axons to the lumen, forming 
the antennal nerve (Figure 2B). The neurons showed large 
nuclei with decondensed chromatin (Figure 2B).

In the pink-eyed pupae, the antenna had small surface 
projections, corresponding to the sensilla in the development 
process (Figure 2C).

The antennal segmentation in antennomers was 
evident in brown-eyed pupae with the surface projections 
elongated and showing the development of trichoid sensilla 
(Figure 2D).

The cuticle was thicker and sclerotized in the antenna 
of black-eye pupae. Moreover, trichoid and placoid sensilla 
were well-developed (Figures 2E). The neurons showed the 
dendrites and axons reaching the sensilla and the antennal 
nerve, respectively (Figures 2E).

In the newly emerged adult workers, the sensilla, 
neurons, and accessory cells were similar to those found 
in the black-eye pupae (Figure 2F).

4. Discussion

The presence of the larva residual cuticle at the 
white‑eyed pupae stage of T. angustula seems to be a feature 
of stingless bees, because it was also reported during the 
antennal development of M. quadrifasciata anthidioides 
(Azevedo et al., 2008). Pores in the residual larva cuticle 

Figure 2. Histological sections of the antennae of Tetragonisca angustula (Hymenoptera: Meliponini) worker at different 
developmental stages. (A) Antennal segmentation process (arrows) white-eyed pupae. Bar: 30 μm. (B) Antenna of white‑eyed 
pupae with the surface without sensilla, with dendrites of neurons projecting to the surface of the antenna (arrows) and the 
antennal nerve. Bar: 15 μm. (C) Projections of the sensilla in the antennae of pink-eyed pupae. Bar: 20 μm. (D) Development 
of trichoid sensilla in the antennae brown-eyed pupae. Bar: 20 μm. (E) Histological section of the antennae of black-eyed 
pupae showing neurons and dendrites in the sensilla. Bar: 20 μm. (F) Histological section of the antennae of newly emerged 
adult workers of T. angustula (Hymenoptera: Meliponini) showing neurons, dendrites and accessory cells in the sensilla. 
Bar: 15 μm. Ct: cuticle; d: dendrite; ac: accessory cells; an: antennal nerve; es: exuvial space; ne: neuron; pl: placoid sensilla; 
t: trichoid sensilla; tr: trachea.
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present in the antenna of the T. angustula pupae may play 
a role in gas exchange and enable contact with signaling 
molecules present in the colony.

The antennal epidermis differentiation has also been 
reported in Drosophila melanogaster, with the expression 
of specific genes triggering the onset of the development 
of neurons and accessory cells (Ray and Rodrigues, 
1995). The proneural genes induce the formation of 
precursor sensory cells, which, on differentiation, inhibit 
differentiation of the neighboring cells, resulting in the 
formation of sensillogenic epidermis by lateral inhibition 
(Campuzano and Modolell, 1992; Keil, 1997).

The development of the antennal sensilla of T. angustula 
in the early white-eye pupae, which is characterized by 
presence of neurons with dendrites directed to the antennal 
surface, is similar to that of Apis mellifera (Eichmuller 
and Schäfer, 1995) and M. quadrifasciata anthidioides 
(Azevedo et al., 2008). The differentiation of neurons in 
white-eyed T. angustula pupae suggests that sensilla are in 
the early developmental stages, forming the sensillogenic 
region of the epidermis, such as that reported in the pupae 
of Antherae polyphemus Cramer, 1776 (Saturniidae: 
Saturniinae) (Keil and Steiner, 1990). The expression of 
the genes that play some roles in the sensilla differentiation 
affect the antennal epidermis before the pupal stage (Keil 
and Steiner, 1990; Keil, 1997).

The presence of neurons and their dendrites in 
T. angustula before the formation of the sensilla projections 
has also been reported in M. quadrifasciata anthidioides 
(Azevedo et  al., 2008). The neurons of A. polyphemus 
were detected 2 days after the larva molted to pupae, and 
the sensilla projections appeared after the third day (Keil 
and Steiner, 1991).

The cuticle of the adult T. angustula probably begins 
to be deposited after the apolysis of the larva cuticle, and it 
is complete in the black-eyed pupa. The apical projection 
of the epidermal cells occurs in the pink eyed pupae, 
suggest cuticle deposition in this stingless bee. The cuticle 
that forms the antennal sensilla begins to be deposited by 
trichogen cells when the sensilla attain its final length 
(Kuhbandner, 1984; Keil and Steiner, 1991; Keil, 1997).

The early development of antennal sensilla and the 
differentiation of antennomers in white-eyed pupae 
and their complete development in black-eyed pupae of 
T. angustula are similar to those of A. polyphemus (Keil 
and Steiner, 1990).

The development of the antennal sensilla in T. angustula 
begins at early white-eye pupae stage, and it is completed 
in the black-eyed pupae stage, when the sensilla are capable 
of detecting colony stimuli.
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